One of the major factors for the loss of viability in stored seeds has been ascribed to damageto intracellular membranestructures. Some of this damage may be casually related to the oxidation of the lipid moieties of seeds containing polyunsaturated fatty acids. On the other hand, seeds, in general, contain a great variety of natural antioxidants (tocopherols, carotenoids, ascorbic acid and many other phenolic compounds) that are expected to inhibit lipid peroxidation and protect against damage to membranefunctions. Wehave been involved in isolation and identification of neŵ -diketone antioxidants from Eucalyptus leaf waxthat may provide chemical protection to endogenousessential oils from oxidative degradation as well as physical protection.1>2) This prompted us to investigate whether there exists any antioxidative defense system in the rice hull that protect the ability to germinate during storage of mature rice seeds. Rice hulls mainly constitute silica, which offers a good physical protection for the rice germ from attacks by insects or fungus during storage. Whether the rice hull has any role in providing chemical protection to the rice lipids from autoxidation during storage is yet to be established. In view of this, we did a preliminary investigation on the relationship between antioxidative activity of rice hulls and the germination of rice seeds.
We compared the germination of two different varieties of rice seeds,3) Japonica (Oryza sativa L. cv. Kusabue) and Indica {Oryza sativa L. cv. Katakutara), and found that 90% of Katakutara rice seeds could germinate even after storage for 18 months at 30°C, while only 12%of Kusabue rice seeds possessed the germination ability at the end of 12 months of storage, and no germination was observed after 18 months of storage.40 To confirm whether the difference in the germination ability of these kinds of two rice seeds can be ascribed to antioxidative activity, we extracted the hull, germ/bran and grain fractions of each kind of rice seed using CHCl3-MeOH exihibited stronger antioxidative activity than that of Kusabue rice seeds (Fig. 1) . Quantitative examination of natural antioxidants such as oryzanol, a-tocopherol and ferulic acid in the CHCl3-MeOHextracts of the hull fractions of these two rice varieties by HPLCdid not show any appreciable difference.4) Quantification of total phenolic compounds using Folin-Denis reagent,5) however, indicated that the concentration of phenolic components was considerably higher in the CHCl3-MeOHextract of the hull fraction of Katakutara than that of Kusabue rice seeds.4) These observations suggest that some additional compounds in the hull fraction of Katakutara rice seeds maybe responsible for the difference in the loss of germination ability, during storage, due to some difference in their inhibition of rice lipid peroxidation. To confirm this assumption, experiments werecarried out to induce lipid peroxidation, before and after dehulling, by y-irradiation and study the extent of protection offered by hull constituents of the two kinds of rice seeds in preventing lipid damage caused by oxygen radicals during y-ray irradiation.
After irradiation,
TBAvalues of lipid extracts from irradiated rice seed samples were measured.6) Figure 2a shows the TBAvalues of lipids extracted from Kusabue and Katakutara rice seeds that were subjected to y-irradiation before and after dehulling.
Whereas the TBA values of rice lipids of Katakutara seeds irradiated before dehulling were considerably lower than those of Kusabue rice seeds, the values of both seeds did not differ very much when irradiated after dehulling. This trend was also observed in the ESR signal intensities of the rice grains irradiated before and after dehulling (Fig. 2b) .
These observations indicated that a higher protection was offered by the hull constituents of Katakutara rice seeds in prevention of the damage caused by oxygen radicals during yirradiation, which may induce lipid peroxidation, than those of Kusabue rice seeds. The effect of this protection of the rice hull on the germination ability of the irradiated rice seeds was also examined (Table I) . Table I shows that during irradiation, Katakutara rice seeds were protected by the rice hull than in the case of Kusabue rice seeds. Wealso observed that the extent of the damagein both varieties was almost identical at all doses when the seeds were dehulled before irradiation.
All the above results suggest us that a higher protection was offered by the hull constituents of Katakutara than that of Kusabuerice seeds during storage, thereby leading to a marked difference in the loss of germination ability during ageing of rice seeds. Thus a relationship between rice hull antioxidants, which may be different from oryzanol, a-tocopherol and ferulic acid, and viability in stored rice seeds has been ascertained. Further work on the characterization of rice hull antioxidants are now being undertaken and detailed investigations with more representative membersof Indica and Japonica rice varieties to confirm this observation are also in progress and will soon be reported.
